avoid overwhelming CSCs with patients who do not require EVT.
A high National Institutes of Health Stroke Scale (NIHSS) score is strongly associated with the presence of LAVO. [8] [9] [10] Therefore, the NIHSS is frequently recommended to select patients for EVT. 11, 12 Because of the complexity of a complete NIHSS examination, simple stroke recognition scores like the face-arm-speech-time (FAST) test are commonly used by paramedics to evaluate patients with suspected stroke in the field. Moreover, certain NIHSS items or symptom patterns may be more informative of LAVO compared with simply a score reflecting the overall severity of deficits. Recently, 6 profiles of NIHSS symptoms have been proposed and shown to improve the clinical value of the overall NIHSS concerning prediction of functional outcome and mortality. [13] [14] [15] To evaluate different simple triage strategies beyond the total NIHSS sum score, we aimed to analyze the value of the common prehospital stroke scales and the NIHSS item profiles to predict LAVO in acute stroke patients.
Methods Data Source, Design, Patients, and Outcomes
We conducted a retrospective analysis on individual patient data obtained from the SITS-ISTR (Safe Implementation of Thrombolysis in Stroke International Stroke Thrombolysis Registry) between January 2012 and May 2014. SITS-ISTR is a multinational open registry of acute ischemic stroke patients who received reperfusion therapies. 16, 17 Patients from 132 participating centers with complete breakdown of NIHSS scores and status of vessel occlusion were included. Baseline characteristics included data on age, sex, stroke severity according to the NIHSS, onset-to-treatment time, prestroke modified Rankin Scale, and medical history (ie, previous stroke, current smoking, hypertension, diabetes mellitus, atrial fibrillation, and chronic heart failure).
Our outcome of interest was the presence of LAVO (ie, occlusion within the internal carotid artery, carotid-T and M1 segment of the middle cerebral artery). The definition of LAVO was in accordance to the recent positive EVT trials in patients with anterior circulation stroke. 18, 19 Vessel imaging was usually performed before treatment with thrombolysis or shortly after application of bolus dose.
Two sensitivity analyses were conducted. First, we added basilar artery occlusion (BAO) to the definition of large vessel occlusion. Although currently EVT is not covered by Class I recommendation in BAO, guidelines recommend clinical evaluation of patients with BAO in CSCs. 11 Thus, prehospital detection of patients with BAO is important. Second, we confined the analysis to patients with moderate stroke severity (NIHSS score =6-11). This group constitutes a relevant subgroup because most false-positive or false-negative identifications of LAVO occur, and the majority of patients evaluated in the field have overall moderate stroke severity. The upper limit of NIHSS score of 11 was chosen for consistency with optimal cutoff for prediction of LAVO in the previous studies. 9, [20] [21] [22] The lower threshold of NIHSS score of 6 was chosen because this cutoff showed at least 90% sensitivity for LAVO in the present cohort and previous reports. 20, 21 Stroke with NIHSS score <6 is often considered mild stroke, with low probability of LAVO.
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Common Prehospital Stroke Scales and NIHSS Item Profiles
We evaluated prehospital stroke recognition scales that could be derived directly from the individual breakdown of NIHSS items at baseline (ie, FAST test) and simplified NIHSS scores that have been shown to be associated with LAVO (ie, 3- [24] [25] [26] [27] Table I in the online-only Data Supplement summarizes components of the prehospital stroke scales that were analyzed. Because the NIHSS item best gaze is missing in the typical FAST algorithm but strongly associated with LAVO, 21 ,26-28 we tested the hypothesis that adding the item best gaze to FAST (G-FAST) may improve its predictive value.
The NIHSS item profiles that were recently described and validated may prove useful for clinical stroke prognostication and research studies. [13] [14] [15] The profiles grouped the 15 individual attributes of NIHSS, using latent class analysis, into 6 clinical symptom profiles. [13] [14] [15] We applied the probabilities of profile membership generated by Sucharew et al 13 to our cohort. Profile A represents a total anterior circulation syndrome (TACS) of the dominant hemisphere; Profile B, a TACS of the nondominant hemisphere; Profile C, a partial anterior circulation syndrome (PACS) of the dominant hemisphere with predominant language deficits; Profile D, a PACS of dominant hemisphere without predominant language deficits; Profile E, a PACS of the nondominant hemisphere; and Profile F, a mild clinical syndrome with low probability of abnormal findings on all NIHSS items (Table II in the online-only Data Supplement).
Statistical Methods
Continuous variables were compared using the t test or MannWhitney U test and were presented as mean±standard deviation (SD) or median (interquartile range), where appropriate. Categorical variables were compared using the Pearson χ 2 test and presented as percentages (n). Multivariable logistic regression analysis was performed to assess the association of single NIHSS items, the prehospital stroke scales, and the NIHSS profiles with LAVO. Adjustment was made for variables significantly associated with LAVO in the univariable comparison (sex, atrial fibrillation, onset-to-treatment time). We also adjusted the analysis for age, prestroke modified Rankin Scale score >2 (ie, being dependent from others in activities of daily living), and history of previous stroke because prestroke disability and residual neurological deficits from a previous stroke may affect the NIHSS. For the prehospital stroke scales, the lowest score was used as the reference. For the NIHSS item profiles, profile F (stroke with low probabilities of abnormal findings on all 15 items) was used as reference. Regarding single NIHSS items, we applied forward stepwise regression analysis to identify the NIHSS item that improves the model most.
We computed area under the receiver operating characteristics curve (AUC) and the respective 95% confidence intervals (CIs) to assess the global performance of the prehospital stroke scales and NIHSS symptom profiles to predict LAVO. AUC values were compared using the method of DeLong et al. 29 The receiver operating characteristics curve-derived optimal cutoff for the scores was determined at the maximal Youden Index. 30 Finally, we calculated sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and overall accuracy for the prediction of LAVO at high-sensitivity (>85%) and high-specificity (>75%) cutoffs of the common prehospital stroke scales. For consistency with the sensitivity of the widely accepted FAST and Cincinnati Prehospital Stroke Scale (CPSS) scores for recognition of stroke patients in the field, a sensitivity >85% was considered the high-sensitivity threshold. 31, 32 The target specificity of >75% is even higher than the average specificity of common stroke recognition tools to discriminate strokes from stroke mimics and suggests rate of futile transfers of <1 out of 4. 32, 33 Data analysis was performed using SPSS (version 22, IBM, New York) or MedCalc (Version 16.2, Ostend, Belgium).
Results
During the study period, 3505 patients with complete breakdown of NIHSS items and data on vessel occlusion site were available for analysis. LAVO was present in 23.6% (n=827) of patients. Baseline characteristics of patients with or without LAVO are shown in Table III in the onlineonly Data Supplement. As shown in Table 2 , there was a graded relationship between prehospital stroke scales scores and NIHSS item profiles with presence of LAVO. Compared with a FAST score of 0 or 1, patients with all 3 FAST items being positive had an adjusted OR of 7.9 (95% CI 5.2-11.9) for LAVO (sensitivity 84%, specificity 44%, PPV 32%, and NPV 90%). Forward stepwise multiple regression analysis suggested best gaze to be the single NIHSS item with strongest association with LAVO (adjusted OR 4.5, 95% CI 3.8-5.3). Addition of abnormal gaze to FAST improved specificity ( Table 2 ) and resulted in significant improvement of the AUC for LAVO compared with FAST alone (P<0.001; Table IV in the online-only Data Supplement).
The 6 NIHSS symptom profiles that represent different clinical phenotypes were reproduced from previous analyses. [13] [14] [15] Patients allocated to NIHSS symptom profiles representing TACS (profile A and B) had a >6-fold increase of LAVO compared with all other profiles combined (OR 6.2, 95% CI 5.1-7.5). Table 3 shows sensitivity, specificity, PPV, and NPV for presence of LAVO of different cutoffs of the entire NIHSS, the prehospital stroke scales, and NIHSS item profiles. High sensitivity was observed for FAST≥2, G-FAST≥3, C-STAT≥1, 3I-SS≥1, PASS≥1, RACE≥3, and clinical signs of at least a PACS (NIHSS symptom profiles A to E), while high specificity was observed for G-FAST=4, C-STAT≥3, 3I-SS=3, PASS=3, RACE≥6, and clinical signs of TACS (NIHSS symptom profile A and B).
The AUC of the prehospital stroke scales and NIHSS item profiles to predict LAVO was similar and nearly as good as the entire NIHSS (Table IV in the online-only Data Supplement), especially in patients presenting with moderate stroke severity. When compared with the NIHSS cutoff ≥6, which is recommended by current American Heart Association/American Stroke Association guidelines to select patients for thrombectomy (AUC 0.60, 95% CI 0.58-0.62), AUCs of the G-FAST≥3 (AUC 0.64, 95% CI 0.62-0.66) and C-STAT≥1 (AUC 0.63, 95% CI 0.61-0.65) were significantly higher (P<0.001), but the cut-offs showed similar sensitivity (89%-91%; Table 3 ).
Sensitivity Analyses
Similar results were obtained after addition of 93 patients with BAO to the large vessel occlusion definition (n=920; 26.2%), although the overall strength of the association was slightly weaker (Table V in the online-only Data Supplement). The optimal NIHSS cutoff was also ≥12 (sensitivity 70%, specificity 70%, PPV 45%, and NPV 87%), and the cutoff showing at least 85% sensitivity was ≥7 (sensitivity 88%, specificity 39%, PPV 34%, and NPV 90%). The optimal cutoffs for detection of LVO including BAO were FAST=3, G-FAST=4, C-STAT≥2, 3I-SS≥2, PASS≥2, and RACE≥5 (Table VI in the online-only Data Supplement).
When we focused our analysis to patients with moderate stroke severity (NIHSS 6-11, n=1257 patients), frequency of LAVO was 12.6% (19.2% of all observed LAVO within the cohort, 159 of 827). The common prehospital stroke scales' performances for prediction of LAVO did not differ from the overall total NIHSS score (Table III in the online-only Data Supplement), with the highest absolute AUC value for the C-STAT. Similar to the entire cohort, increasing integer values of the common prehospital stroke scales showed disparate associations with LAVO (Table VII in the online-only Data Supplement). Profiles A and B (left and right TACS) were associated with a nearly 3-fold increased risk of LAVO compared with all other profiles (C-F combined; adjusted OR 2.8, 95% CI 2.0-4.0). 3I-SS indicates 3-item stroke scale; C-STAT, Cincinnati Stroke Triage Assessment Tool; FAST, face-arm-speech-time test; G-FAST, gaze-face-arm-speech-time score; LAVO, large anterior vessel occlusion; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; PASS, Prehospital Acute Stroke Severity scale; and RACE, Rapid Arterial Occlusion Evaluation Scale.
*Number needed to screen with the respective test result to identify a LAVO, per 100 patients. †Adjusted for age, sex, atrial fibrillation, pre-mRS, prior stroke, and onset-to-treatment time. ‡In G-FAST, the item best gaze was added to the FAST score (→G-FAST). §In contrast to the original version, only one point was assigned per pathological item.
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Discussion
One of the major challenges of the current stroke care is to translate the implications of the endovascular stroke trials into clinical practice. Noninvasive vessel imaging and rapid transfer of eligible patients to CSCs with EVT treatment option need to be organized effectively. Because no triage strategy performs perfectly, some patients with LAVO will be inevitably missed, and many patients without LAVO will be transferred to CSCs. 22 It is a political issue to decide what range of false negatives and false positives are acceptable from the perspective of society as a whole. Local circumstances should also influence the choice of selection criteria. In general, prehospital triage tools for detection of LAVO should be as simple as possible and easily performed and memorized by emergency medical services personnel. In addition, the ideal scores are supposed to discriminate stroke patients from stroke mimics. In our cohort, the simple prehospital stroke scales performed nearly as well as the entire NIHSS in 3I-SS indicates 3-item Stroke Scale; AHA, American Heart Association; ASA, American Stroke Association; C-STAT, Cincinnati Stroke Triage Assessment Tool; FAST, face-arm-speech-time test; G-FAST, gaze-face-arm-speech-time score; LAVO, large anterior vessel occlusion; NIHSS, National Institutes of Health Stroke Scale; NPV, negative predictive value; PACS, partial anterior circulation syndrome; PASS, Prehospital Acute Stroke Severity scale; PPV, positive predictive value; and RACE, Rapid Arterial Occlusion Evaluation Scale.
*NIHSS≥6 is an inclusion criterion for endovascular treatment with stent retrievers according to current AHA/ASA Focused Update of the 2013 Guidelines for the Early Management of Patients With Acute Ischemic Stroke Regarding Endovascular Treatment. 12 †In contrast to the original version, only one point was assigned per pathological item.
identifying LAVO and at least as well as the entire NIHSS in patients with moderate severity. Importantly, highly sensitive cutoffs of the prehospital scores performed as well as or even better than NIHSS cutoff ≥6, which is recommended to select patients for thrombectomy according to the current American Heart Association/American Stroke Association guidelines. 12 Thus, our findings emphasize the potential of simplified NIHSS scores to detect LAVO in the prehospital setting. Our sensitivity analysis demonstrated comparable findings when BAO was included in the large vessel occlusion category.
Several stroke recognition tools have been validated for prehospital evaluation of patients with suspected strokes. [31] [32] [33] The FAST score is already widely used and shows the best sensitivity for correct diagnosis of stroke together with the similar CPSS. 31, 32 To identify stroke patients with underlying LAVO in the field, it seems reasonable to use a 2-step screening process starting with the FAST score. FAST has the advantage of using the item facial palsy that has been shown to be the NIHSS item with best capability to discriminate between strokes and mimics. 34 In a second step, another tool is needed for the triage regarding vessel imaging and facilitate transfer to EVT centers. Ideally, this secondary score should be deduced from the initial score but require addition of only a few more items with higher sensitivity and specificity for presence of LAVO. In line with previous studies, 21, 27, 28 we found that gaze deviation was the most sensitive clinical sign suggestive of LAVO. Thus, a simple expansion of the typical FAST score by the NIHSS item best gaze was developed in our study (G-FAST). G-FAST would fulfill the criteria mentioned above and has the advantage of mentioning all tested signs as an acronym. The C-STAT follows a similar concept and also seems promising at the second stage as cortical signs (especially gaze) strengthen the score, but still it maintains simplicity. 18 By using the questions and commands from the NIHSS instead of the language and speech items that are complex for many emergency medical services, the C-STAT makes the rating objective, rather than subjective. Of note, G-FAST and C-STAT performed particularly well in patients with moderate stroke severity, which represents the majority of cases seen in the field.
Importantly, the optimal prehospital triage strategy depends on various time variables. Besides time from symptom onset until first evaluation by paramedics, transport time to next CSC has to be considered. Our analysis adds relevant findings in at least 3 different clinical scenarios.
First, we consider a patient with suspected stroke who is evaluated by paramedics early after onset of symptoms or with short transfer time to a CSC. In this case, a high sensitivity (ie, low false-negative rate for LAVO) should be achieved, ideally close to 90%. This was observed in different symptom combinations in our study with similar overall accuracy, namely, all 3 FAST items positive or abnormal NIHSS item best gaze, G-FAST≥3, C-STAT≥1, RACE≥3, and clinical signs of at least a PACS (NIHSS symptom profiles A to E).
Second, we consider a patient with suspected stroke who is evaluated by paramedics at the end of intravenous thrombolysis time window or with long transfer time to the nearest CSC. In this case, a high specificity (ie, low false-positive rate for LAVO) is warranted, such as >75%, resulting in <1 out of 4 futile transfers. This was observed for patients with abnormal gaze and all 3 FAST items being positive (ie, G-FAST=4), C-STAT≥3, 3I-SS=3, PASS=3, RACE≥6, and clinical signs of TACS (NIHSS symptom profile A and B).
Third, we consider a patient who arrives at a primary stroke center and is evaluated by trained stroke physicians. In this case, full examination of the NIHSS is feasible. It has been shown that no single variable beyond the NIHSS is able to improve prediction of LAVO in a clinically meaningful way. 10 Current recommendations by the European Stroke Organisation are based on the statistically optimal NIHSS cut point observed in the large Bernese stroke registry (NIHSS≥9 within 3 hours, NIHSS≥7 within 6 hours). 8, 11 Our findings suggest that lower NIHSS cutoffs could be used to improve sensitivity (>90% with NIHSS≥6 and >95% with NIHSS≥5). Yet, there are certain constellations in which application of highly specific LAVO scores or the highly specific NIHSS symptom profiles A or B could be helpful. Among others, these are late arrival close to 6 hours, relative contraindications to computed tomography-angiography like severely impaired kidney function or uncontrolled hyperthyroidism, and to avoid expenses of screening failures in a randomized controlled trial.
Although all NIHSS items contribute equally to the sum score, certain items and item constellations may reflect larger ischemic lesions that carry a high attributable risk of an underlying LAVO. Not surprisingly, we observed a graded association of the NIHSS item profiles with LAVO. The 2 symptom profiles with the highest risks, profiles A and B, represent left and right total hemispheric syndrome, respectively. Thus, our findings suggest that patterns of deficit rather than simply scores reflecting severity of deficit will be more useful in triage. Although the exact concept of the NIHSS symptom profiles may be difficult to conduct by paramedics, our findings support the notion that suspected stroke patients who presented with NIHSS symptom profiles A or B, at any severity, should prompt an urgent neurovascular imaging and consideration for transfer to a dedicated stroke center with EVT capability. Given that right-hemispheric symptoms are underrepresented in the NIHSS, patients with right LAVO might be missed in case of mild to moderate stroke severity based on NIHSS scoring alone.
Our study has limitations. While the overall extent and accuracy of data collected within SITS-ISTR allow for statistically robust analyses, the retrospective and observational design inherits potential for bias. Our cohort consists of patients who received revascularization treatments after a clinical diagnosis of acute ischemic stroke was already established and hemorrhagic stroke was ruled out by brain imaging. Consequently, sensitivity and specificity of the simplified NIHSS scores for LAVO might differ in prehospital cohorts with suspected stroke that include stroke mimics and hemorrhagic strokes. Majority of data were derived from primary stroke centers with limited availability of vessel imaging compared with CSCs. Moreover, data on LAVO status were obtained from assessment by local radiologists at the respective centers (not necessarily neuroradiologists). It is reassuring that 96% of patients within the ESCAPE trial (Endovascular Treatment for Small Core and Anterior Circulation Proximal Occlusion With Emphasis on
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Minimizing CT to Recanalization Times) had the correct target-vessel occlusion status by using similar LAVO definition as per our analysis, after review from central adjudication laboratory. 2 In addition, it is possible that residual deficits related to prior stroke or other reasons may affect baseline NIHSS score, consequently leading to incorrect ratings. We have accounted for this by adjusting the analysis for prestroke modified Rankin Scale and previous stroke. Finally, we were not able to evaluate other established stroke recognition tools ( 32, 33 because grip strength was not part of the NIHSS recording, and some scores require additional information other than the NIHSS score (eg, history of seizures).
In summary, we found that the common simplified NIHSS scores may be useful to stratify patients' risk of LAVO in the prehospital setting. Certain cutoffs seem sufficiently accurate to give guidance in clinical settings that require either high sensitivity (>85%) or high specificity (>75%). In general, patients with abnormal findings on all 3 FAST items, and especially patients with additional gaze deviation (G-FAST) may be considered for urgent neurovascular imaging and transfer to CSC. This subset of patients may be readily identifiable by paramedics during the prehospital stage. Our findings deserve prospective validation, ideally in the prehospital setting. The upcoming specialized stroke ambulances seem to be one of the promising settings to validate our findings and the feasibility of triage tools. 
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